The results of studies into the aerosol optical depth (AOD) for the atmosphere in the Middle Urals in the spectrum range of 0.34-1.02 µm for 2004-2010 is presented. The interannual, annual, seasonal, and daily variations in the AOD are analyzed. The major statistical characteristics of the AOD, the parameters of the probability density function of distributions over different wave lengths, and the parameters of Angstrom's formula for the different seasons are calculated. The monitoring stations in the Russian segment of the AERONET network are ranked with respect to the AOD value. A shift from March to May in the spring max imum of the AOD is revealed in comparison with the results of the actinometric observations for the period of . A qualitative assessment is given to the influence of forest and peat fires in the region on the AOD. A classification of the states of aerosol haze in the atmosphere according to the AOD values is proposed.
INTRODUCTION
The regular spectrum measurements of optical aerosol characteristics were first started in June 2004 in the Middle Urals under the AERONET program of Global Atmo spheric Aerosol Monitoring (http://aeronet.gsfc.nasa.gov) with the assistance of the Goddard Space Flight Cen ter (GSFC/NASA, United States) and the Zuev Insti tute of Atmospheric Optics, Siberian Branch, Russian Academy of Sciences [1, 2] . The optical characteris tics of the atmospheric aerosol are jointly studied by specialists from the Institute of Industrial Ecology, Ural Branch, Russian Academy of Sciences, and the Ural Federal University. The measurements are car ried out by a sun sky Cimel CE 318 photometer mounted at the Kourovka astronomical observatory. This monitoring station is designated as Yekaterinburg in the AERONET information system. Some characteristics of aerosol optical depth of the atmosphere (AOD) reconstructed by the data of acti nometric observations in the area of the city of Yekat erinburg were presented in [3] . Our work compares the annual variation in the AOD in the Middle Urals for the period of 2004-2010 and the data obtained by the actinometric observations in 1960-1986 [3] .
The results of measurements for the atmospheric AOD in the Middle Urals in the spectrum of 0.34-1.02 µm are generalized for the period of 2004-2010. Previously, there have been no spectral photometric measurements in the Middle Urals. The interannual and annual variations in the atmospheric AOD, as well as features of the daily variation, are determined. A qualitative assessment is made for the influence of intense forest fires on the turbidity of the regional atmosphere. The data have of great value for estimat ing the optical parameters of the atmospheric aerosol, since they characterize a very big region in Eurasia (the nearest monitoring stations of the AERONET net work are located in the west in Moscow, in the east in Tomsk, in the south in Dushanbe, and there are none in the north).
EXPERIMENTAL CONDITIONS AND SCOPE OF DATA
The Kourovka astronomical observatory of the Ural Federal University (57.036° N, 59.546° E) is located in the forest near the Sloboda village in Sverd lovsk oblast, approximately 65 km northwest of Yeka terinburg. The Cimel CE 318 photometer is mounted on the roof of the solar pavilion of the observatory at a height of ~5 m above the soil level (~295 m above sea level). The Chusovaya River flows close to the moni toring point, which causes fog to appear frequently in summer and autumn. In general, the area can be described as "background" with a moderate continen tal climate [4] [5] [6] . Figure 1 presents the annual distribution of the number of the AOD measurement results of different levels and the dynamics of the monthly average num ber of measurements for the entire monitoring period in the Middle Urals. According to the AERONET classification, the data of level 1.0 include the results of all single measurements; the data of level 1.5 comprise the results without cloud contamination; the data of level 2.0 are the final calibrated measurement results. For the period from May 27, 2004, to November 1, 2010, there were 22151 measurements performed for level 1.0, 13901 measurements for level 1.5, and 12637 measurements for level 2.0 (i.e., about 57% of level 1.0). During winter, there is little photometric information due to the short period of sunshine. Since the average number of measurements in November and January is less than 20, the reliability of the statis tical data below is not high for this period. for the two lengths of waves. All data presented below belong to level 2.0. As is seen from the figure, the fre quency of implementation of the arbitrary AOD value is accurately described by lognormal distribution. The greater the wave length is, the lesser the distribution width is. Table 1 shows the parameters of the probability density of lognormal AOD distribution in the form
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where n is the frequency of the AOD value implemen tation equal to τ (to simplify writing, the dependence on the wave length is not shown); τ g is the median value of the AOD and σ g is the geometrical standard deviation.
We should note that, although the histograms are approximated well by the lognormal function, the Kolmogorov-Smirnov test shows the absence of sta tistically meaningful differences only for the rows of the daily averaged AODs (the respective parameters in Table 1 are marked in bold font).
The main statistical characteristics for the results of all AOD measurements in the Middle Urals are given in the Summary of Table 2 . For comparison, Table 3 presents the results of calculations of the main statisti cal characteristics of single AODs at a wave length of 0.5 µm in the vicinity of the AERONET stations in Russia (http://aeronet.gsfc.nasa.gov).
In our analysis we used measurement results from only those monitoring stations that provide a series of observations from 2004 to 2010. These data allow us to estimate the characteristics of the aerosol in five differ ent geographical zones, such as the central European part of Russia, the Middle Urals, Western and Eastern Siberia, Yakutia, and the Far East. According to the 
FEATURES OF OPTICAL CHARACTERISTICS OF ATMOSPHERIC AEROSOL 287
AOD medians, the stations of the Russian segment in the AERONET network are ranked from largest to smallest as follows: Moscow, Ussuriisk, Yekaterinburg, Tomsk, Irkutsk, and Yakutsk. Figure 3 shows the spectral behavior for the results of AOD single measurements averaged for the entire period of observations and the yearly seasons. It is seen that the general view of the AOD spectral dependence τ λ for Yekaterinburg conforms to the data for Western Siberia (the city of Tomsk) [7] , though in terms of the absolute value the AOD level in the Middle Urals is somewhat higher for all wave lengths.
This figure also displays the data for different sea sons of the year indicating that winter and autumn in the Middle Urals are characterized by the highest atmospheric transparency. However, as we mentioned above, the measured results are the least available in these seasons of the year; therefore, the AOD data should be used with care.
For comparison, Figure 3 illustrates the spectral behavior of the AOD for cases of increased turbidity of the atmosphere caused by forest and peat fires that were identified by the procedure developed in [8] .
The spectral behavior of the AOD in the range of wavelengths from ~0.4 µm to ~1 µm is usually repre sented by the Angstrom formula τ(λ) = βλ -α , where α is a parameter (index) of Angstrom selectivity and β is a turbidity coefficient [7] . Table 4 summarizes the values of parameters from the Angstrom formula that were calculated for all seasons of a year and for the cases of smog caused by forest fires in 2004-2010.
When we describe the properties of atmospheric aerosol, we are certainly interested in the function of aerosol particle size distribution. Figure 4 shows a typ ical volume function of the particle size distribution, which was reconstructed by the data of spectral mea surements (http://aeronet.gsfc.nasa.gov). Curve 1 corresponds to the state of the atmosphere with a small content of aerosol. The shape of the func tion of particle size distribution with τ 0.5 = 0.88 corre sponds to the case when the atmosphere showed a haze caused by a forest fire (curve 2). Curve 3 refers to a large disperse aerosol dominating in the atmosphere. According to the measurement results, the most typi cal are functions of particle size distribution with a dominant finely dispersed fraction of aerosol (curves 1, 2). The number of cases when the share of coarse disperse fraction is higher than the share of fine disperse fraction is small and makes up about 11% of measurements.
The interannual, annual, and daily variation in the atmospheric AOD. The dynamic processes in the atmosphere, natural phenomena followed by the aero sol generation (dust storms, forest and peat fires, etc.), as well as the processes of anthropogenic pollution of the atmosphere, lead to a variation in the parameters of atmospheric transparency that is typical of each region and each period of time. Since the AOD distributions are not normal (in such cases the average value is known to substantially depend on the extremum values), in Fig. 5 the average annual AODs vary much more than the median val ues. Because the maximum AODs may be determined not only by the processes of aerosol pollution of the atmosphere (natural or anthropogenic) but also by Table 2 is more informa tive). It seems helpful to introduce three classes of atmospheric transparency and to control the changes in the atmospheric states for each of those classes by analogy with work [10] . Class I is a clean atmosphere ( ); the AOD takes on values less than the val ues of the first quartile from the measurement retrieval for the minimum period of time for the climate assess ment (approximately 10 years). Class II is an atmosphere with a typical content of aerosol ( ); the AOD takes on the values between the first and third quartiles of the stated retrieval, which conforms to 50% of all possible states of the atmospheric transpar ency. Class III is a turbid atmosphere polluted with aerosol ( ; the AOD exceeds the value of the third quartile. It is evident that this classification min imizes the effect of incomplete filtration of cloudiness, especially when analyzing the variation in parameters of atmospheric transparency for the first two classes. All the cases of the state of the Class III atmosphere Tables 2 and 3 (in bold) .
To determine the anomalously high average annual value of the AOD in 2010 (Fig. 5 ), we performed a simple analysis that shows the AOD variation for the different periods. Figure 6 illustrates the annual behavior of the main statistic characteristics of the daily average AODs at a wavelength of 0.5 µm. It also shows the AOD values reduced to a wavelength of 0.5 µm that were reconstructed by the data of actinometric observations in 1960-1986 at the Verkhnee Dubrovo meteostation (located east of Yekaterinburg) [3] .
It is seen from the figure that the parameters of the atmospheric transparency have substantial differences inometric observations showed that, for 4 months out of the year, February, March, September, and October, the average AOD values were higher than the current values during the same observation periods. In the other months, the atmospheric transparency around Yekaterinburg got worse when compared with the data for 1960-1986.
We note that the August AOD maximum remained and the spring maximum shifted from March (in 1960 March (in -1986 to May (in 2004 May (in -2010 . In connection with this, several questions arise as to if this phenome non is local and specific for the Middle Urals or if it is also common for the other regions; what are the rea sons for the qualitative and quantitative variation in the parameters of the atmospheric transparency in the contemporary time? The possible hypotheses of the differences are included into three groups: (1) the dif ference in the observational and data processing pro cedures, (2) the change in anthropogenic activity (for example, the change in the system of detecting and fighting forest fires), and (3) climate changes. These questions remain unanswered. Resolving them requires organizing special investigations. From the presented data it follows that, with respect to the aerosol content in the region under con sideration, the atmosphere is cleanest in the autumn and winter periods and the spring and summer periods have maximum values and variations in τ λ , which con forms to the conclusion made earlier on the basis of the AOD spectral behavior and is also consistent with the results of studies by other authors [11] .
Turning back to an analysis of the anomalously high aerosol turbidity in 2010, we note that an increase in the annual average AOD value resulted from the measurements made in August. The calculations of the monthly average values of τ 0. 5 for August in each year show that in 2010 the value of this parameter increased by over 300%. It is well known from the data of visual observations and other sources that in August 2010 the vast territory of the European part of Russia was covered by smog produced by forest and peat fires.
The results of the AOD measurements at the AERONET station were used to qualitatively assess the influence of forest fires on the atmospheric turbid ity in the Middle Urals. For each wavelength we calcu lated the coefficients of the influence of forest fires on the atmospheric transparency k λ = τ λ (fires)/τ λ (region without fires) ( Table 5) . Table 5 shows that the fires substantially influence atmospheric turbidity. The influence of the fires is strongest at the wavelength of 0.5 µm. The least effect is recorded at the wavelength of 1.02 µm, though in this case the AOD still considerably increases. It is also seen from Table 5 that the atmospheric turbidity in summer 2010 caused by the fires had an extreme char acter.
The daily AOD variation is determined by natural processes, first and foremost by daily variations in meteorological characteristics, and may vary in the different seasons. There are different approaches to identifying the daily AOD variation: plotting the graphs of the AOD variations for the middle months of the seasons [11] to exclude seasonal variation and nor malizing the hourly average AOD values to the value of the current daily average AOD [12] . Figure 7 plots the daily variation in τ 0.5 for July, the middle month of the summer with the most available measurement results. For comparison, we presented the data on the daily variation in the AOD in Moscow reconstructed by the actinometric observations for the period of 1965-2000 [11] . Figure 7 also displays a daily variation in the hourly average AODs calculated for the sample cleaned of the distorting influence of fires. In this case, the highest AOD value (τ 0.5 = 0.17) is recorded at 6.00 a.m. and is followed by an almost unvarying smooth behavior of the AOD (τ 0.5 ≈ 0.15) and a weak minimum (τ 0.5 = 0.13) at about 4.00 p.m. It is worth mentioning that the median AOD values vary similarly for the sample of all measurements, including the cases of fire. 4. The influence exerted by the smog produced by intense forest fires on the aerosol turbidity of the atmosphere is assessed. It is shown that the atmo spheric AOD may increase 5.5 times in the cases of fire, and the forest fires in the summer 2010 had an extreme character affecting the statistic characteristics of the atmospheric aerosol in the region that were averaged for seven years of measurements in 2004-2010.
5. The daily average variation in the AOD in the Middle Urals in July has a maximum (τ 0.5 = 0.17) at 6:00 a.m. and a weak minimum (τ 0.5 = 0.13) at 4:00 p.m. For the rest of the time, the AOD remained almost unchanged (τ 0.5 ≈ 0.15).
6. Based on the values of the first ( ) and third ( ) quartiles of single measurements of AOD retrievals for a decade of observations, it is proposed to identify three levels (classes) of aerosol content in the atmosphere for the entire set of AOD measurements. Class I is a clean atmosphere ( , class II is an atmosphere with a typical content of aerosol ( ), and class III is an atmosphere pol luted with aerosol ( ). The preliminary esti mates of boundaries to the classes for the 7 year period of observations were obtained for the Middle Ural regions ( ≈ 0.09, ≈ 0.23) and other geographi cal regions of the country. 
